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Despite the first goal of the 2010 National Action Plan to Improve
Health Literacy, the literacy demands of much health information
exceeds the reading skills of most US adults. The objective of this
study was to assess the health literacy level of publicly available
patient  education materials  for  people with sickle cell  disease
(SCD).
Methods
We used 5 validated tools to evaluate 9 print and 4 online patient
education  materials:   the  simple  measure  of  gobbledygook
(SMOG) to assess reading grade level, the Peter Mosenthal and Ir-
win  Kirsch  readability  formula  (PMOSE/IKIRSCH) to  assess
structure and density, the Patient Education Materials Assessment
Tool  (PEMAT) to  assess  actionability  (how well  readers  will
know what to do after reading the material) and understandability,
the Centers for Disease Control and Prevention’s (CDC’s) Clear
Communication Index (Index) to obtain a comprehensive literacy
demand score, and the Printed Cancer Education Materials for
African Americans Cultural Sensitivity Assessment Tool.
Results
Materials’ scores reflected high reading levels ranging from 8th
grade to 12th grade, appropriate (low) structural demand, and low
actionability relative to understandability. CDC suggests that an
appropriate Index score should fall in or above the 90th percentile.
The  scores  yielded  by  materials  evaluated  in  this  assessment
ranged from the 44th to the 76th percentiles. Eight of the 13 ma-
terials scored within the acceptable range for cultural sensitivity.
Conclusion
Reading levels of available patient education materials exceed the
documented average literacy level  of  the US adult  population.
Health literacy demands should be a key consideration in the revi-
sion and development of patient education materials for people
with SCD.
Introduction
Public health’s population-based strategies for improving com-
munity health include outreach to and communication with vulner-
able populations.  Patients, their families, and their communities
need clear, understandable information; therefore, clear commu-
nication is a component of public health’s mission at the national,
regional, state, and local levels (1). As indicated by the 2010 Na-
tional Action Plan to Improve Health Literacy, accessible health
information is key to promoting population health (2).
The first goal of the 2010 National Action Plan to Improve Health
Literacy calls for the development and dissemination of health and
safety information that is accurate, accessible, and actionable (2).
However, surveys conducted by the US Department of Education
and by the Organisation for Economic Co-operation and Develop-
ment  (OECD)  indicate  that  large  proportions  of  adults  in  the
United States and in most industrialized nations have difficulty un-
derstanding commonly available written information (3–8). The
most recent assessment of adult literacy skills indicates that more
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than half of US adults have difficulty using print materials and ba-
sic arithmetic in everyday activities and tasks (7). Each wave of
literacy assessments of US adults indicated that minority popula-
tion groups were more likely than majority population groups to
have limited literacy skills (4,7,8). Approximately 80% of people
with sickle cell  disease (SCD) in the United States identify as
black  (9).  The  2003  National  Assessment  of  Adult  Literacy
(NAAL) found that only 2% of US black adults were proficient in
general literacy skills compared with 13% of the general popula-
tion (8). The 2006 NAAL subreport, which addresses health liter-
acy, found that 12% of US adults were proficient in prose, docu-
ment, and numeric health compared with only 2% of black adults
(5). Although easily understandable health information should be
accessible to everyone, special consideration should be given to
making health information accessible to population groups with
documented low literacy skills — those living in poverty and in
under-resourced areas, members of minority population groups,
and members of immigrant populations.
Unfortunately, as more than 2,000 peer reviewed studies showed,
health information is often inaccessible because materials are writ-
ten at reading levels that exceed the literacy skills of most US
adults (3). Furthermore, one study in health literacy indicated that
people with limited literacy were more likely to experience dimin-
ished health outcomes (10). The mismatch between the literacy
skills of patients and the literacy demands of health education ma-
terials and instructions may play a significant role in enabling or
inhibiting people to make healthful choices (6,11,12).
Insights from health literacy studies are directly applicable to pub-
lic health’s mission to improve the health of communities and the
prevention and management of chronic diseases. SCD is a signi-
ficant concern among the many issues addressed in public health
practice. This disease is disproportionately experienced by people
of African, Mediterranean, or Latin descent (13) and affects an es-
timated 90,000 to 100,000 people in the United States (9,13,14).
Several acute and chronic complications are associated with SCD,
requiring complex disease management in both home and clinical
settings. However, SCD patients in the United States have notably
diminished comprehensive care services available to them, relat-
ive to other genetic disorders (15). Thus, patients with SCD and
their family members could benefit from having appropriate edu-
cational materials about treatment options and procedures to help
them in planning and making decisions (3). However, studies and
investigations related to health literacy and SCD are absent from
the literature. This study examines the literacy level required for
use of available SCD educational materials (literacy demand) and
the cultural appropriateness of such information for the intended
audience.
Methods
The lead author (E.M.) conducted an initial search of the literature
to find widely available educational materials related to SCD. Be-
cause state health departments, public hospitals, and other public
institutions frequently rely on free print and electronic informa-
tion provided by national organizations when choosing education-
al materials for families and communities, we evaluated only free
materials. We identified materials through the PubMed database
by using the MeSH term “sickle cell anemia” or one of the key
terms, “sickle cell” or “sickling,” in the title and abstract and the
publication type, “patient education.” The educational materials
were reviewed and were excluded if they were not written in Eng-
lish, if they were not free, if they were not intended for use in the
United States, or if they did not meet the topic criterion of patient
education. These criteria yielded 9 print and 4 online materials,
which we then reviewed for literacy and numeracy demand (ie, the
level of literacy and facility with arithmetic required for readers to
understand the material and take appropriate action based on what
they read).
We analyzed the educational materials by using several tools and
guidelines to assess the characteristics of the materials (Table 1).
The simple measure of gobbledygook (SMOG) readability test
was used to ascertain school grade reading level. SMOG determ-
ines grade level with attention to both word and sentence length
(16). The PMOSE/IKIRSCH measure (named for the individuals
who  developed  the  measure,  Peter  B  Mosenthal  and  Irwin  S.
Kirsch) was used to assess structure and density in displays (lists,
charts, graphs) contained in the materials (17). PMOSE/IKIRSCH
provides a grade-level score based on the complexity of docu-
ments and the presence of all needed information within the con-
fines of the document. A series of bullet points was considered a
list if the content of each bullet point was less than a complete sen-
tence.
We  used  the  Patient  Education  Materials  Assessment  Tool
(PEMAT) to evaluate the understandability and actionability of
materials (18).Understandability is the degree to which people
with low health literacy can interpret key messages, and actionab-
ility is the degree to which people can know the proper next steps
(eg, when and where to seek care, which healthful behaviors to ad-
opt) on the basis of the information provided (19,20). In addition,
the Centers for Disease Control and Prevention’s (CDC’s) Clear
Communication Index (Index) was used to provide one overall
outcome measure of  readability and audience appropriateness,
which is an amalgamation of measures related to the relevance of
1 to 4 factors — core items, behavioral recommendations, num-
bers, and risk (21). Because minority racial/ethnic groups make up
most of the SCD patient population, the Index stresses that ana-
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lyses and discourse must examine issues of culture in addition to,
and in the context of, health literacy. The Index assesses appropri-
ateness for the audience and, therefore, cultural appropriateness.
However, to more specifically assess the materials’ cultural appro-
priateness, we also applied the Printed Cancer Education Materi-
als for African Americans Cultural Sensitivity Assessment Tool
(AACSAT). This tool measures acceptability in the cultural do-
main that the other measurement tools we used do not address, in
the format, visual message, and written message (22).
Three authors (E.M., J.N., K.V.)  independently scored all materi-
als with each tool. As part of a training in health literacy theory
and reading level measurement in a graduate course at the Har-
vard TH Chan School of Public Health, each of these 3 authors re-
viewed  a  set  of  materials  unrelated  to  the  subject  matter  and
presented their findings to a panel of 8 experts trained in health lit-
eracy theory to analyze any differences, resolve errors, and estab-
lish consensus. Thereafter, each of the study materials was read
and assessed by each of the 3 authors independently, and incon-
sistencies were resolved in group meetings of all  authors.  The
PEMAT, Index, and AACSAT components each contain value
judgments bounded by standardized parameters. For these assess-
ments, the average of the reviewer scores was reported. When the
2 initial scores differed by more than 10%, the scores were dis-
cussed and recalculated by all 3 authors. The lead author (E.M.)
was solely responsible for the AACSAT.
Results
The PubMed search returned 6 sources for patient education in-
formation of which 3 sources were eliminated during initial re-
view because they were not written in English, were not available
free of charge, were not intended for use in the United States, or
were not related to patient education. The 3 remaining sources of
patient education materials were CDC (23), the National Institutes
of Health (NIH) (24), and the American Academy of Family Phys-
icians (AAFP) (25). NIH and AAFP materials were Web-based,
and the CDC materials were formatted for print distribution but
were available online. The NIH publication was a multipage site
with comprehensive outlines of risks, diagnoses, symptoms, and
treatments (24). It included lists, charts, statistical graphs, and oth-
er graphics. AAFP, however, provided a 1-page synopsis of SCD
for parents of children with a new diagnosis of SCD. Its website
contained no charts, statistical graphs, or other graphics (25). Five
of the 9 materials from CDC addressed self-management and com-
plication prevention.  Those 5 CDC materials  ranged in length
from 1 to 40 pages of text, and 2 of the 5 included photo images.
Four of the 9 materials focused on disease overview and disease
inheritance. They ranged in length from 1 to 2 pages, and they all
contained photos. Two of them contained an image illustrating the
inheritance pattern of SCD (23). Table 2 presents the scores from
each of the 5 tools for each of the educational materials.
The SMOG scores of the materials we evaluated ranged from 8th
grade to 12th grade reading level; most materials fell in the 10th
grade to 12th grade range. A SMOG score of 7 or below is recom-
mended for average readers. A score of 8 is generally assumed to
represent the reading skills of average high school students (16).
SMOG focuses on word and sentence length. Several sections of
the assessed materials contained long complex sentences exceed-
ing 3 lines of text.
Only 3 of the materials (printed or Web-based) contained lists, and
none contained charts or statistical graphs. PMOSE/IKIRSCH as-
sesses charts, statistical graphs, lists, and layout and is scored on a
17-point  scale.  All  materials  with  lists  received  a  PMOSE/
IKIRSCH score  indicating  a  low  complexity  level  (Table  2).
Scores in this range are estimated to require an 8th-grade literacy
level. As indicated by the PMOSE/IKIRSCH tool, use of simple
lists with 1 heading and a limited number of items minimizes liter-
acy demand (17).
Next, all 13 materials were scored with PEMAT. All materials
scored above the 50th percentile in understandability, except the
“How Is Sickle Cell Anemia Treated” NIH Web page (Table 2).
As noted, PEMAT evaluates understandability of materials (ie, pa-
tients from different backgrounds can understand the messages
conveyed)  and  actionability  (ie,  patients  from different  back-
grounds know what to do with the information), and scoring is
based on clarity of purpose, organization, and difficulty of content
(including numerical  demand).  PEMAT has  no  recommended
cutoff for acceptable scores. Rather, the scores are meant to be
used as relative indicators of quality when choosing between ma-
terials (18). Low PEMAT scores indicate that the materials as-
sessed would be improved by simplifying content. For example,
all numerical concepts should be presented in a way that does not
require the reader to perform any calculations (19). Finally, all 13
materials scored low on PEMAT in actionability, relative to usab-
ility. Many of the materials discussed healthful behaviors but did
not provide explicit instruction or diagrams demonstrating actions
to be taken.
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The Index yields a percentile score, and CDC states that docu-
ments with appropriate health literacy demand will score at the
90th percentile or higher (21,26). None of the materials received a
score in the 90th percentile or higher, and some were below the
50th percentile (Table 2). The Index has 7 main areas of interest,
including  2  behavior-  or  action-oriented  foci  and  2  numeric
concept-related foci. Similar to the recommendations drawn from
PEMAT, low scores from the Index assessment indicate that the
included materials could be improved with more behavioral and
instructive language.
Finally, the AACSAT printed cancer education materials yielded
scores in the acceptable range for 8 of the 13 materials evaluated
(Table 2). Scores were acceptable if materials achieved cultural
relevance and appropriateness for the intended audience in format,
content, and graphics (22). Acceptable scores from the AACSAT
were obtained by meeting the audience-specific literacy demand
requirements addressed in SMOG, PMOSE/IKIRSCH, PEMAT,
and Index and inclusion of culturally relevant and modern im-
agery (22).
Discussion
The free patient education materials assessed are those derived
from a PubMed search meant to capture documents that clinicians
would be likely to recommend to patients, that came from govern-
ment agencies or professional societies, and that public health de-
partments are likely to disseminate through community organiza-
tions and clinics. The reading level of the materials assessed fell
between 8th-grade and 12th-grade levels, and these scores are con-
sidered too high for the general US adult population (27). Prob-
lematic content associated with high scores can be mitigated with
attention to vocabulary (ie, substitute short and common terms for
long, unusual, or technical terms. For example, use doctor instead
of physician) and with attention to sentence length (ie, long sen-
tences increase reading difficulty). The various charts and lists in-
cluded in the assessed materials yielded literacy demand scores at
appropriate levels. Scores related to the graphics explaining hered-
ity of SCD, however, indicated high literacy and numeracy de-
mand. Results also indicated a need for action-oriented language
(eg, “Do X. Then do Y.” rather than something like “It is recom-
mended that patients do X followed by Y.”) and instructions about
what to do as a result of reading the materials. At the same time,
findings  indicated  that  some  basic  concepts  were  clearly  de-
scribed and that many of the materials contained culturally appro-
priate content.
Given the proportion of Americans proficient in quantitative liter-
acy reported in the 2003 NAAL report and in numeracy reported
in the 2013 OECD report, use of numeric content must be treated
with caution (8). Broad assessments of the 13 materials evaluated
suggest that the presentation of numeracy content was overly com-
plex and lacked adequate explanation. The Index tool points out
that  an explanation with graphics is  particularly important  for
mathematically complex concepts such as those displayed in the
“inheritance tree” in patient materials related to risk and sickle cell
trait  (23–25).  Insights  at  this  level  of  detail  demonstrate  the
strength of the Index, a more complex tool. The inheritance graph-
ics and explanations of illustrations in educational materials for
people with SCD require careful attention to ensure they are un-
derstandable by their intended audience.
Our assessment of the 13 patient education materials included in
our analysis suggests that literacy and numeracy demands associ-
ated with use of  these materials  are likely to exacerbate diffi-
culties people with SCD have in understanding patient education
information designed to assist  them in managing their disease.
This may contribute to health literacy disparities and related health
outcomes outlined by the National Action Plan to Improve Health
Literacy (2). The educational materials addressing SCD receive
scores that exceed recommended reading levels to ensure accessib-
ility  for  the  average  American  adult  who has  completed  high
school (27).
The content of the materials evaluated addressed some of the ma-
jor issues related to SCD. Many issues that affect lifelong health
of people with SCD, however, were not covered. Several patients
lose primary and regular health care during the transition from pe-
diatric to adult care (15). These ideas were covered in the publica-
tion “9 Steps to Living Well with Sickle Cell Disease in College,”
but transition of care is not directly addressed in that publication
(23). Additionally, management of SCD differs from childhood to
adulthood, and no specific guidelines were offered for each stage
of life in the materials assessed. Finally, perhaps the most com-
plex issues in living with SCD relate to accessing information on
pain management and routine care (28). The materials examined in
this study did not address these issues directly.
Our study had 2 limitations. First, no patient group or review team
apart from the authors was involved in the analysis of materials.
Therefore, assessments were inadequate for drawing full conclu-
sions  regarding  cultural  relevance  and  appropriateness  (29).
However, AACSAT provided one indication of appropriateness of
the patient education materials for their intended audience (22).
Second, the sample was limited to free publications. Many educa-
tional materials for patients with SCD were developed by nongov-
ernment organizations and by private institutions and were not ne-
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cessarily free. Only free materials were included in this evaluation.
Despite these limitations, this study provides an assessment of
available materials through use of several different tools for as-
sessing health  literacy demand.  Use of  5  different  tools  high-
lighted strengths and weaknesses of patient education materials in
several domains of health literacy — organization, content, word
choice, numeracy, usability, actionability, and cultural sensitivity.
Resulting scores for the 13 publications evaluated fell short of the
standards articulated in the commonly referenced Doak, Doak, and
Root text, Teaching Patients with Low Literacy Skills, which cov-
ers  educational  theories  and applies  them to improving health
communication (27), and in the 2010 National Action Plan to Im-
prove Health Literacy (2). A better match between the literacy re-
quirements of the materials and the known literacy levels of their
audience would better address information access needs of pa-
tients with SCD. Matching materials to their audience would im-
prove the ability of people with SCD to make decisions and take
healthful action.
The results of both the preliminary literature search and materials
assessments suggest that there is a shortage of available and ap-
propriate published information for people with SCD. Study find-
ings indicate that SCD patient education materials should be re-
vised or developed to use language tailored to their intended audi-
ence (24). In addition, input from patient focus groups to address
appropriateness and usefulness (29) is critical.
This study supports the importance of health literacy as a key con-
sideration in the development and revision of patient education
materials for people with SCD. Health departments should assess
the suitability of materials they distribute in their communities. In
so doing, health departments can use existing tools such as the In-
dex and related documentation for analyses. An understanding of
the literacy skills of US adults must help shape the development of
important health information (30). An awareness of the existing
mismatch between commonly available health materials and the
literacy levels of the intended audience can help inform strategic
decisions of public health professionals for dissemination of in-
formation.
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Tables
Table 1. Comparison of Characteristics Captured by Four Tools for Assessing Health Literacy Demand
Literacy Assessment Tool
SMOG PMOSE/IKIRSCH PEMAT Index
Organization
Tool does not assess
this component
Simple-list structure Material breaks or “chunks” information
into short sections
Material uses bulleted or numbered lists
Sections have informative headers Material is organized in chunks with headings
Combined-list structure (includes pie-
charts and time-lines)
Presents information in logical sequence Most important information is summarized in first
paragraph or section
Intersected-list structure (includes bar
charts, line graphs, and maps)
Provides a summary
Nested-list structure (includes bar
charts and line graphs with tested
tables
Material uses visual cues
Material contains a reasonable
number of labels
Material uses visual aids
Material contains a reasonable
number of items
Visual aids reinforce content rather than
distract
Dependence (material) does not make
reference to information in an outside
document)
Visual aids have clear titles or captions
Material uses illustrations and photographs
that are clear and uncluttered
Material uses simple tables with short and
clear row/column headings
Content of Main Message
Tool does not assess
this component
Tool does not assess this component Purpose is evident Material contains one main message
No distractors Main message is at the top, beginning, or front
Main message is emphasized with a visual cue
Material contains visual(s) that convey or support
the main message
Material explains what is known or not known
about topic









Medical terms are defined Main message and calls to action use active voice
Active voice is used
Use of Numbers
Tool does not assess
this component
Tool does not assess this component Numbers are clear and easy to understand Material always explains what the numbers mean
Material does not expect user to perform
calculations
Audience does not have to conduct mathematical
calculations
Risk
Abbreviations: Index, Centers for Disease Control and Prevention Clear Communication Index; PEMAT, Patient Education Materials Assessment Tool; PMOSE/
IKIRSCH, [measure developed by Peter B. Mosenthal and Irwin S. Kirsch]; SMOG, simplified measure of gobbledygook.
Source: Christine E. Prue, PhD, MSPH, Associate Director for Behavioral Science, Centers for Disease Control and Prevention, National Center for Emerging and Zo-
onotic Infectious Diseases.
(continued on next page)
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(continued)
Table 1. Comparison of Characteristics Captured by Four Tools for Assessing Health Literacy Demand
Literacy Assessment Tool
SMOG PMOSE/IKIRSCH PEMAT Index
Tool does not assess
this component
Tool does not assess this component Tool does not assess this component Material explains the nature of risk
Material explains the risks and benefits of
recommended behaviors
If numeric probability is included, it is explained
with text or a visual
Actionability
Tool does not assess
this component
Tool does not assess this component Material states at least one action reader
can take
Material includes one or more calls to action for
primary audience
Material addresses user directly when
describing action
Material includes one or more behavioral
recommendations for primary audience
Action is broken down into manageable,
explicit steps
Material explains why recommendation is
important
Material provides a tool that can help user
take action
Material includes specific directions about how to
perform the behavior
Material explains how to use the charts,
graphs, tables, or diagrams to take actions
Abbreviations: Index, Centers for Disease Control and Prevention Clear Communication Index; PEMAT, Patient Education Materials Assessment Tool; PMOSE/
IKIRSCH, [measure developed by Peter B. Mosenthal and Irwin S. Kirsch]; SMOG, simplified measure of gobbledygook.
Source: Christine E. Prue, PhD, MSPH, Associate Director for Behavioral Science, Centers for Disease Control and Prevention, National Center for Emerging and Zo-
onotic Infectious Diseases.
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Measureb PEMAT Usabilityc PEMAT Actionabilityc PEMAT Overallc Indexd AACSATe
Toolkit for Living Well
With Sickle Cell Disease
(16)
10 5 68 58 64 57 3.0
Tips Sheet: Supporting
Students with Sickle Cell
Disease (16)
12 6 65 76 70 58 2.2
Fact Sheet: Sickle Cell
Disease (16)
11 —f 74 0 38 44 3.2
Fact Sheet: Sickle Cell
Disease and College (16)
11 —f 73 40 61 75 2.3
Fact Sheet: Sickle Cell
and Pregnancy (16)
11 —f 68 36 52 55 3.0
Fact Sheet: Sickle Cell
Trait
10 —f 75 27 51 63 3.1
Living Well With Sickle
Cell Disease (16)
10 —f 70 28 49 59 3.0
Five Tips to Prevent
Infection
10 —f 85 63 74 76 3.0
Emergency Guide: When
to See the Doctor (16)
9 —f 83 64 72 64 3.2
NIH Web pages: What Is
Sickle Cell Anemia (17)?
10 —f 78 0 42 46 2.5
NIH Web pages: Causes
(17)
10 8 66 0 35 53 2.5
NIH Web pages: How Is
Sickle Cell Anemia
Treated (17)?
12 —f 44 18 32 52 2.0
AAFP Web page: When
Your Child Has Sickle Cell
Disease (18)
8 —f 75 62 68 71 2.9
Abbreviations: AACSAT, African Americans Cultural Sensitivity Assessment Tool; AAFP, American Academy of Family Physicians; Index, Centers for Disease Control
and Prevention Clear Communication Index; NIH, National Institutes of Health; PEMAT, patient education materials assessment tool; PMOSE/IKIRSCH, [measure
developed by] Peter B. Mosenthal and Irwin S. Kirsch; SMOG, simplified measure of gobbledygook.
a Numeric score indicating school grade reading level.
b Numeric score and ranking (very low = 3–5, low = 6-8, moderate = 9–11, high = 12–14, very high = 15–17); tool applies only to materials without lists or charts.
c Numeric component score and overall score (out of 100 possible points). PEMAT assesses usability (the degree to which people from different backgrounds can
understand the messages conveyed) and actionability (the degree to which people from different backgrounds know what to do with the information [eg, when and
where to seek care, which healthful behaviors to adopt] on the basis of the information provided).
d Percentile score out of 100 possible points (minimum score of 90 is considered passing).
e Numeric score out of 5 possible points (minimum score of 2.5 is considered acceptable).
f Contains no lists, charts, or graphs.
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